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Abstract: Because of the economical and biological benefits, ornamental plant has become a new source for
phytoremediation in recent years. In this study, three kinds of ornamental plants, Mimosa pudica, Tradescantia
sillamontana and Porulaca afra were tested under five cadmium ( Cd ) application rate levels that range from Omg-kg ™" to
100mg-kg ™" by pot-planting method. The growth indexes, physiological indexes and the Cd accumulation in them were
studied after a growing period of 50 days. The results showed that Cd had distinct inhibition on the growth of plant, the
average tolerance index of M. pudica, T. sillamontana and P. afra were 105.57, 81.35 and 79. 88 separately, and the
most growth indexes of them had significant differences with the control group in Cd concentration of 50mg-kg ™. The
physiological indexes were also influenced by Cd stress obviously, in the content of photosynthetic pigment tested,
chlorophyll a contents of M. pudica, T. sillamontana and P. afra were 83.74% , 60. 64% and 60. 64% separately,
compared with the control group, while chlorophyll b contents of them were only 69.83% , 51.26% and 51.26% of the
control, but both the contents of carotenoid and chlorophyll a/b values of them were not obviously changed, some of them
even raised with the increased Cd concentration, these indicated that Cd do more damage to chlorophyll than to carotenoid,
and chlorophyll b was the most sensitive one to Cd pollution in them. For the balance of superoxide system was destroyed
under Cd stress, with the rise of Cd, the production rate of superoxide in M. pudica, T. sillamontana and P. afra were all
increased, which lead to the accumulation of superoxide and the rise of the MDA contents in three ornamental plants,
meanwhile, as a result of the destroyed cell membrane, the selective permeability of cells declined and the electrical

conductivity of them were all moved up significantly, the production rate of superoxide, the contents of MDA and electrical
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conductivity were all correlated well with the Cd added concentration, and the variation range of M. pudica was the
smallest, while P. afra was the highest among them. Forming the effects on the growth indexes and physiological indexes,
we could found that the tolerance of Cd was M. pudica > T. sillamontana > P. afra. The accumulation and distribution of
heavy metals in plant were also important indexes in choosing patient species. In our study, with the rise of the Cd the
accumulation of Cd in both the root and the above ground parts of ornamental plants tested were all increased; P. afra had
the highest accumulation in them as the Cd concentration in its root and the above ground parts reaching 612.37 mg-kg ™'
and 259.47 mg-kg ' separately in 100mg-kg ', but the transform ability of Cd in T. sillamontana was the strongest under
high Cd stress as the translocation factor of it were all above 0.6 from 10mg-kg ' to 100mg-kg~'. The Cd concentration in
these ornamental plants were all above 100mg - kg™ when the add-concentration of Cd reached 100mg - kg™ and the
accumulation ability was P. afra > M. pudica > T. sillamontana. From the discussion above, we can reach a conclusion
that M. pudica, T. sillamontana and P. afra all have high tolerance and strong accumulate ability to Cd, so they all have

certain applied value in the treatment of Cd polluted areas.

Key Words: cadmium; ornamental plant; tolerance; accumulation
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I, GkELimE B E MM AR T EENE L.

MEEPETRE T, HEERK BB SWHBERBE B T BEHEELRWHMUBASE
EEIFEE R IRIGY, WA S AR YRS R NI, [FRET, —s A KRB PA W B 3K A 1 5 AR 4
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Table 1 The growth indexes of three kinds of ornamental under Cd stress

st Cd ¥z SIS b 1A MR E b b4 WTE W B TE Wk
Plants /(mg-kg™") /em /em €3RI NVACTE . D EVAC-SE S VACIE /S| /%
g CK 10.38 £0.85* 9.25+0.87°  2.85£0.49®° 2.57+0.37* 1.56+0.15* 1.68 +0.09° 100. 00
M. pudica 5 11.57 £0.85* 8.72+0.68* 3.09+0.40° 2.40+0.48° 1.45x0.11° 1.72%0.11° 111.40
10 11.50 £1.06* 8.62+£0.58* 3.15+0.40* 2.17+0.27* 1.08%0.17° 1.76 +0.10° 110.77
50 11.12+0.93*  5.630.40" 1.9420.22" 1.43£0.41® 0.87 £0.09% 1.14£0.17° 107.13
100 10.29 £0.66* 4.01£0.02° 1.34+0.18" 1.03£0.13® 0.69+0.08° 0.74 £0.05¢ 99.10
H S CK 3.02+0.16* 8.15+0.24° 1.83+0.15*° 4.79+0.57* 0.73 +0.08*  3.53 +0.14* 100.00
T. sillamontana 5 3.03£0.51* 8.79£0.30* 1.810.11* 4.320.61* 0.70£0.12*  2.98 +0.10* 100.33
10 2.86+0.17*° 8.22+0.23" 1.500.12" 3.86+0.13% 0.68 +0.06*  2.80 +0.20* 94.43
50 2.19+0.08" 7.97+0.39" 1.420.16% 3.56 £0.24* 0.63 £0.04>  2.60 +0.28% 72.33
100 1.19+£0.16° 7.26 £0.17°  1.22+0.10° 3.42+0.42°  0.49 +0.08"  2.17 +0.39" 39.31
Tk B CK 5.79£0.40* 5.77£0.20* 1.320.14* 4.96+0.37*  0.68 +0.10*  2.75 +0.29* 100.00
P. afra 5 5.54+0.22° 5.20£0.49*° 1.31£0.12° 4.19+0.45> 0.65+0.10° 2.58 +0.15% 95.78
10 4.66+0.57" 4.80+0.58" 1.27£0.18* 2.60+0.49° 0.61 £0.08*  2.51 +0.10" 80.42
50 4.20£0.20" 4.33£0.47° 0.45+0.08" 1.00£0.14% 0.21 £0.04>  0.63 £0.04° 72.55
100 2.93£0.31° 2.670.47° 0.23£0.04° 0.630.06° 0.11£0.02"  0.45 +0.05° 50. 67

TR PR A I « i, [F—FH IR R PR B 2R (P <0.05)
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Wb R RAEYEE VR P LR, S B R R A EMYOE SRR M — BB AR,
MK 2 ATLVEH FEE Cd WRER BT, & H R DG TR 4R K a b & B ETHAE TR, SE5FH
MR ab FETE 10mg-kg ™ BEBIWEME, 4350 9% BRAY 1. 26 F5H1 1. 09 £%, 7E B K HE YK BE 100mg - kg ™
i 435 % B 83. 749% F169. 83% s W L P SIS a b (& BNITE Smg kg ' IR BIEAE , 4351 Jo %t B
1.06 570 1. 05 £, 7£ 100mg- kg ™" B 4331 %3 BRI 60. 64% F1 51.26% ; A B R M4 a b & RN FEE
Cd o6t ey N EE TR 7 T B, 76 100mg - kg ™ B HIH 4R a b (93 B4R BRI 69. 34% 1 60.82% , =#2K
WE R GEROELERSHRRERARES M CdRERN BT BREEHENRME PRGELTERE
b, B S A SRS N RGNBEE Cd WK BT TR, FESE R B8 0. 959 ™" #410.959 ™, 3
E 50mg-kg " B SXT R4 22 R .

AR S PR LB ARV E 0 LS EYEARFALE TSR a f b BWIHER R FEE Cd B
WREER) LT, 25808 MR E S LA a/b (H(H4REK a 5 b LHLME) BRI H EFHIHE S 7E 100mg-kg ™ WK E
TEEE BRSSPI E MR EE 2 E S B X R 1. 11.3.99 f5H1 5. 52 4%, a/b 5 7351
IXHRAG1.20 1. 14 FEFI L. 18 £ o SXRBATE Cd BB R T, K a ZBIFEE AR TSR b, K0S

MNRILTFBA Z BN

F2 CA3MEMHAESERIENTMN
Table 2 Effects on the content of photosynthetic pigment in three kinds of ornamental under Cd stress

i Cd Y i cﬁ:ﬁiﬁ a chiiil? b %Cfo%;n:id% HIIB NRIEIIIE AR o/ AR D
Plants /(mg-kg™!) /(mgeg -1 EW) /(mg-g-1+FW) /(mgeg~-FW) Carotencid percentage Chl a/Chl b
EEE CK 7.09 £1.19° 3.97 £0.06° 1.10 £0. 40" 8.90 +2.20* 1.79 +0.33%
M. pudica 5 7.79 £0.74> 4.35+0.12° 1.24 £0.22% 9.45 £1.01* 1.93 +0. 14°
10 8.94 +£0.77° 4.35+0.57* 1.41 £0.06* 9.67 +0.99* 2.06 +0. 10"
50 6.76 £0.19% 3.26 £0.32" 1.09 £0. 05" 9.78 £0.13* 2.08 £0.15°
100 5.94 £0.25¢ 2.78 £0.23" 0.95 +0. 06" 9.86 +0.08* 2.14 +£0.08a
H & CK 5.55 +1.00° 5.04 +1.05° 0.17 +0.04* 1.62 +0.30° 1.11 +0. 10*
T. sillamontana 5 5.50 £0.45° 4,62 £0.37% 0.22 £0. 10 2.14 £0.92° 1.19 £0.01*
10 5.30 £0. 80° 4.49 +0.56% 0.25 +0.07° 2.48 £0.65% 1.19 £0.21*
50 4.59 £0.79* 3.27 £0.92% 0.41 £0.07° 5.13 £1.47* 1.45 £0.27*
100 3.85 £0.44° 3.07 £0.79¢ 0.48 £0. 11> 6.57 +£1.95° 1.31 £0.40*
YA CK 4.51£0.28° 3.39 £0.30° 0.16 +0. 08" 2.05+1.12¢ 1.33 £0.04°
P. dafra 5 4.80 £0.07* 3.56 £0.50° 0.25 +0. 08" 2.97 £1.15¢¢ 1.36 0. 18"
10 3.75 £0.08" 2.79 £0.10° 0.26 +0.07° 3.88 +1.10¢ 1.35 +0.06"
50 3.30 0. 16° 2.26 £0.10¢ 0.40 £0.02" 6.70 £0. 66" 1.46 +0.01°
100 2.73 £0.29¢ 1.74 +0.17¢ 0.49 +0.05" 9.88 +0.09* 1.57 £0.01*

TR PR A I « i, [F—FH IR R PR B 2R (P <0.05)

2.2.2 Cd Xt 3 i) i R IR

20 B R T R A B N AN R R S iz i , RV E AR RS Y RN PR R Z — . B4R SR
RS E 3 UREE B AG S5H IO , BBEER 4 B A 2R G (o e B ek R 1K B P38 K, 4 L P — BB RTI A0 8, A
i PRI HE AT EEE Cd IR E TR, 3 A R SR EF, B Cd Bk E
BEFEMRX, SEE AFEMRN DS Cd ¥REZ B AKX RE 5107 0.9407 0.962"" F10.946 " , &%
B E A D15 T SR AR E T T 22.75% (43.78% F1 31.02% , %4 Cd ¥ BE 35 5 £ AT vk B
100mg-kg "B , £ 25 5 | H WA S0 58 A L S 34 1 Xt BB 1,391, 81 1 1.56 fif . AEHE AR 5%
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Cd VYRR BE oK, W ik DR 2, & Y L 3 L
32 Cd {5HH R R R/ EEH G
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2.2.3 Cd X3 FEY O, BSF 7= Aol B2 5

I 2 AR b, RRBYEERERAHF 0,7 5 100
(BEMIET) A PAEN BES S5 A% 5

JEAR DGR O, B 7" A BE S REE Cd WL/
BT, S Cd WK B3 IEARSE, #R R By

(=

1% 0.981°* .0.979 " #10.983**, 7£ Cd Y FEMRT CdikJE/(meke™")
50mg-kg B, HEFE AFWAN DL E I 0, 74 Bl Cd st 3 Fity A
ﬁ}iﬁ}%ﬂilzﬁj_tﬂT 6.32% \17.51% 1 18. 8% ’ ﬁﬁE Fig. 1  Effects on the conductivity of three kinds of

50 — 100mg-kg ' Cd ¥R BE[A], & 55 [ F MM ik ornamental under Cd stress
BLH) O, " AR E A BT 32.5% (60.79% Fil
70.2% o XUEBATE Cd 8 R BERARES , MR P ) O, 7= AR S BE S N4 1%, T 24 Cd ¥k B2 38 fin 8 — & 7K 7
BF,0,” PRAERESWE FF. HAE3 MEY P, FEEM 0,7 AR R MRS, B D% 08 A 3 )
AR,
2.2.4 Cd X3 FfiE%Y) MDA & 2150

MDA(N %) Al 5EH R, %R, RERFE Y BACER, L BE W R , TR IE R EmTEsh, 2R
o7 i B KT — AR . N 2 BT AT H 3 i) MDA S EHBEE Cd YR B ETH R I
RS Cd RER B E EMHER, SEE. AFEAN SIS Cd ¥ EEZ [ #HE & RE5 518
0.985" 0.963 " F10.993"" , #£0 — 100mg-kg ' Cd YR Z ], & &5 . A F {E A ik 5640 5 F ¥ BT+ T
16. 19% \30. 87% #124.06% , H7E4: Cd ZAbFEYE T, MDA ¥ L AR B B2 A S W > WK > FEHF,
MDA & B fine 7 MR it B AL /K - 85 , BE S5 44 AR 5 8 B I IR , Al B st i 58 o BRI, ML MDA
FHERE, EEENELRE Cd 2R, M SIEEKRZ, HSENESE Cd M2 R,

2 n _ 0 maxs

E 12 B 5% aHEE oWSHKE = 1 b

= = O8E oo

= a0

El B 4

= 4

= =

4 0 H

8 0 5 10 50 100

CAk/me ke ™) Cavke/me ke )
B2 CdEMEXT3 MY O, LREEMIIM B3 CdEvExt3 #iEY MDA & EH%m

Fig. 2 Effects on the production rate of superoxide (O, ) in Fig. 3 Effects on the content of MDA in three kinds of
three kinds of ornamental under Cd stress ornamental under Cd stress

2.3 Cd7E 3 MR N KR R0 150

BE%E Cd ¥RBERY LT, 3 R B AR R A 30 9 Cd RFVKENH BT & KW DR EAR Cd
) BAVKBE B , 76 10mg-kg ™ FARZR Cd RFWKE R T 100mg-kg ™", 7655 = o 38 ¥ BE 100mg - kg ™' T H:
AR EFRA Cd BB BE 43R5 35 621. 3Tmg kg ™' 1 359. 47mg kg ™' FEFIRN Cd BRIKERZ,
% Cd WREERT 10mg-keg "B, AR AR At L3R4 Cd i BBUK BRI T A S M, BAE SO0mg-kg ™ WP AR b L35
G ) R B 100mg-kg ™', 4354 224. 25mg-ke ' il 136. 80mg-kg ' o LA Cd REWKEERAR, AR R
Cd R BELE S0mg-kg ™' HFiAH] 194. 59mg-kg ™", 3t E RS Cd R BELEAS K B 100mg - kg ™' i B 1E
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100mg-kg ',k 152. 5mg-kg ',

M 2R R A I DL R T P A G B E R e, ER R BURBEY N ES R E LT,
im ZARE I MU T & B AEAE Y (R 9 pss S A TR I o S R B A T 0k AR R A b 4y
e R R ECFE 9 5. 80.3. 26,55, 17.2. 86 Fl 10.87.5.39, RHIXS Cd RFBE I 1w (R 1 B ik
B> FEE > AT, FEE . AEEAR DK s REUNFEE 510 0.57.0. 53 #10.47, H7E Cd
WEERT Smg-kg ', & B HHGE RBEH T O S IEAM 1508, X RS R REERRKE T %2 28U
PRIFLEBE R B7KF , BERE MR8 2 1)1z i 2 3t S0, 4 P9 AT BB A7 7 01 191 i A0 A 2 LA LA B ) B
J& Cd M8 o AR B Uk D3 T T A R 7 T AR X 55 o

£3 Cd#&E3MEVEAHREMDHER
Table 3 Cd Concentration and distributing in three kinds of ornamental under Cd stress

- canen i EEIARBIE LEss Am;d:LiB;
Plants Cd concentl;altlon Concentratlon_(l)f Toot above ground parts Translocation i Above ground
/(mg-kg™") /(mg-kg™") /(mg-kg1) factor Root parts
CE L CK 6.25 £0.40¢ 3.48 £0.17¢ 0.56 £0.01" 9.94 5.53
M. pudica 5 27.55 +4.71¢! 12.43 +1.65¢ 0.45 +0.02° 5.51 2.49
10 44,35 £6.49¢ 27.50 £4.41° 0.62 £0.01* 4.44 2.75
50 224.25 +8.26" 136.80 9. 56" 0.61 £0.02* 4.49 2.73
100 460.00 +24.75*  277.75 +24.00° 0.60 £0.02* 4.60 2.78
S CK 4.36 +0.544 3.08 +0. 444 0.71 £0.01* 6.93 4.89
T. sillamontana 5 31.50 £4.92¢¢ 16.58 +1.94c? 0.53 +0.02° 6.30 3.31
10 50.35 £4.04° 28.30 £2.45¢ 0.56 0. 00" 5.03 2.83
50 194.59 +8.17" 86.00 +10.47" 0.44 +0.04° 3.89 1.72
100 369.64 +27.29* 152.50 +11.96* 0.41 £0.00¢ 3.70 1.53
W S5 CK 9.10 £0.69° 6.95 +0.82¢ 0.76 £0.03* 14.49 11.06
P. afra 5 64.73 +4. 409 24.65 +3.30¢ 0.38 +0.03" 12.95 4.93
10 133.62 +5.36° 54.20 £2. 80° 0.41 0. 00" 13.36 5.42
50 372.25 +11.43" 146.82 +14.00" 0.39 +0.03" 7.44 2.94
100 612.37 £22.75*  259.47 +15.06° 0.42 £0.01° 6.12 2.59

TR PR A I « i, [F—FH IR R PR B 2R (P <0.05)

3 ZR5it

LR AR AN A 2253, ¥ AN 40 SR B 18, 3 e A A A B A A 3o R T S L
HREED?, ALK, HEE AR D A K2 2N FRE R, TR ERE 5
Ca 25,50 Ca AR MIE A4 22E . [FE, Cd 88 54 6 LIRSS & , IR AZ A 454931 il DNase
1 RNase {& 1, H-EAEYI& DNA & R5ZBH, 74 C-A 224333 e (IR I 24 AR R FB AL , 7E T S A 4
MERKEE . R ABIST B (Acorus calamus) FIXY T3 ( Meristotheca papulosa)) {1 F- ¥ P15 505> 51 A 59
152,62 A 25 S WA Tt B - TR TS B2 510 105. 57 (81,35 1 79. 88, 3% 2 B AR SCEEL
i 3 R B AR IR Cd A BRI o

A2 E MY IR E AR R UL . 76 Cd B R ,3 FEY M SRR S ENE ARBREN TR,
ZWAMBEENGEE < AFWE < WDER; K0 MRS E SRS E o/b [EHREE CAWEREM L
FrmFAE . WA TSRS E TN FEERE E 44K 5 )2 4% Chlalb-Pro & &K G BZ 21 H
Cd** T e 5 A B S (R G R RS 0 -E 2 BE N MR & R B FIIE (2 R DL B8 ) ik vh &
% SH B 454, M T BEISE TR TH SR RE R . Fr, 7ERA R RSB, % b F 53
FTEREMINCSE , K a EEGRIMOEREIATHALMMER, T b ZAR PSR4 TRl e E i
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M43 a/b (EBE, WIAEYIXHERE R FRCR B . Bk, 78 Cd rE i M-SR S 'E TREMER T, YT
REE T PR E KA S DR M LA R o/b [ERRARREOLREF AR R4 R B B AR . EY 4R
G FEAE W) 240 M RN S D SRS T ) BT S B A0 U5 5T it Y S T A B, LR R T A P AT T A T ) BB A R
fiffo 7€ Cd WEE T EHEE-E BRI RE R, E AN B B EEENE &R, & RUEIES A
fb, MDA E&F ., AR, Cd B S5EERK - SH 458 8 5P Z B M0 7 2 B IR 2 & R ML, %
BT A BR B S5 H A Th B0 R MU A R R AR L S R TR . ZEASSERG P, 3 MR B O, R
BEE MDA &8I FRYEEE Cd IRMKE R EARIAE EAESE, HARH BEEINT N & ERE <R
W < BE .

4R BRI MK NRBE YR EEREN — BB, B REEY L 2ETE 25mg kg T MR E T 250t
FREBEAS 1 103. 8mg-kg ™' Ml 124. 6mg - kg ™' AR LR B RINBEIEK . ERMEIE CdKE
4 100mg-kg ™" B5f , S| )bk (Aagave sisalana) FARFIdh b 35 P E 4R Cd i) BEVKEE 4051k 133. 6mg-kg ™' Hl
55.86 mg-kg ', Han &I Iris lactea var. chinensis (AR FHh b FB437E 20mg - L' BRI E 4B Cd 1 EFMREE 4
H%7 389. 19mg - kg ' il 241. 18mg kg ~' o TiZE ™ BB M BF 58 - £ Cd YR JE N S0mg - kg ™' B, i B 41 5L
( Bidens maximowicziana) FIARFIHL 3 HELJE Cd 1 EFVKE4> 508 87. 1mg-kg ' H1 89. 2mg-kg ™' ; ZE Y
Rkt ( Phytolacca americana) IR FIHL FER4HESE Cd B9 EFRUKEE 51K 78. 10mg - kg ' 1 79. 2mg-kg ' ;
373 ( Brassica juncea) (R Mty L3P E 4R Cd ) REKE 518 79. Img-kg ™' H1 78. 2mg-kg ™',
Eun BF5E ) Juniperus monosperma BB EAR' "2, HXSepsith, BR 58 RRUEWIEE— & M2,
FEE ASWAR DA S0mg-kg ™ B, B A S WA 440 Cd B REWKEHHE T 130mg-kg ™', W
1 TEAR A b ER A R BEE 4 HI3A B T 372. 25mg kg T FI 146. 2mg kg ' X RBIGHE A B MM T
WX ESE Cd WEARMRMBREES, BX Cd RERIM K/ AMDER > FEE > HFH, MM
HIiE REK/NATLLE K Cd FHB R EI MRS EE > BEE > R S50,

B LA B BT A & R Cd B/, TR RGR , B F R Z , W B TR ; 7EE &8 MR R R
T3 A E A E AR Cd ¥AEGRK BEREES), HPhR SR R EOR, S EE MR FERZ,
HEZEENAS REPTERKE T WBRIFER KK, ANl SRR s i A L ml . XUiE, &2
EXEASE Cd A REWmEMESRN B, B8 A TESRE Cd 55 HENBEE AT ;7 H S i
W 14 D5 E SR T PEAR XA, 2% Cd B BRI BAREE ST, B AT MERZERAR Cd {55+ FAEKIAETHE
Y, ZEVATE 3% Cd 5 L i [R5 22 55 A0 A o
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